Abstract Several studies indicate that Western dietary and lifestyle factors are responsible for the high incidence of colorectal cancer in industrialized countries. Diets rich in red and processed meat, refined starches, sugar, and saturated and trans-fatty acids but poor in fruits, vegetables, fiber, omega-3 fatty acids and whole grains are closely associated with an increased risk of colorectal cancer. Other main features of the western lifestyle, such as excess body mass and sedentary behaviours, are also strongly associated with higher risk of developing this cancer. Modifications of the western diet, notably increasing consumption of foods from plant origin and reducing that of red meat intake, and maintenance of physical activity and appropriate body mass could substantially reduce colorectal cancer incidence and mortality.
Cancers of the colon and rectum, collectively refered to as colorectal cancers (CRC), constitutes a significant proportion of the global burden of cancer morbidity and mortality: approximately 1 million new cases of colorectal cancer are diagnosed each year and more than half a million people die from this disease, equivalent to approximately 8% of all cancer-related deaths worldwide [1] . Colorectal cancers, and their common precursors adenomatous colon polyps, are complex and heterogeneous diseases that arise from both somatic and germline mutations. In familial adenomatous polyposis (FAP), individuals with a germline mutation in one allele of the tumor suppressor gene adenomatous polyposis coli (APC) have generally a 100% chance of developing CRC by the age of 40 years if untreated [2] . In hereditary nonpolyposis colorectal cancer (HNPCC), also called Lynch syndrome, inherited mutations in genes involved in DNA mismatch-repair (primarily MLH1 and MSH2) confer a lifetime risk of CRC of about 80%, with cancers evident by the age of 45 years [3] . However, the Mendelian mode of inheritance of these two forms of CRC account for no more than 5% of all CRC cases, the large majority of patients rather developing a "sporadic" form of this disease [4] . This suggests that a large proportion of CRC are related to environmental factors and that this disease may thus be, in most cases, preventable.
The influence of environmental factors in the development of CRC is exemplified by the large variations in rates of this cancer among countries (Fig. 1) . The occurrence of CRC varies at least 25-fold worldwide, the highest incidence rates being observed in industrialized countries such as in the United States, Canada and New Zealand [5] . Importantly, the migration of individuals from low incidence areas to high incidence areas results in spectacular changes in the incidence rates of CRC, the risk of disease approaching that of the adopted country within one generation [6] . Moreover, although the majority of colorectal cancers continue to occur in industrialized countries, their incidence rates are rapidly rising in economically transitioning countries in many parts of the world, and these increases are thought to reflect the adoption of several features of the Western lifestyle [7] . In Japan for example, CRC incidence has dramatically risen following westernization, increasing as much as 90% over the past several decades in some registries (Miyagi and Yamagata) [8, 9] . Between 1983 and 2002, the incidence of CRC has also been shown to increase in 27 of 51 countries worldwide, particularly in Eastern Europe, most parts of Asia, as well as in some countries of South America, these increases also occurring concomitantly with the adoption of western diets and lifestyles [7] . Overall, these observations highlight the importance of environmental influences on colorectal carcinogenesis and suggest that lifestyle risk factors characteristics of industrialized countries such as diet, obesity and physical inactivity may all play a pivotal role in the etiology of the disease [10] .
Lifestyle Factors Associated with Colorectal Cancer Risk

Dietary Factors
Fiber-Rich Foods: Vegetables, Fruits and Grains The concept that diet influences the risk of CRC has been proposed more than 40 years ago, following the observation of the low incidence of these cancers in African populations that consume a high-fiber diet [11] . This «fiber hypothesis» postulates that dietary fiber (non-starch polysaccharides) from a number of plant-based foods (vegetables, fruits, grains) lower the risk of colorectal cancer by reducing transit time, diluting colonic contents and stimulating bacterial anaerobic fermentation to increase the production of short-chain fatty acids (acetate, propionate, and butyrate) [12] . This hypothesis was initially strengthened by several case-control studies showing an approximately 50% lower risk of colorectal cancer associated with higher intake of dietary fiber [13] . However, results from subsequent large prospective cohort studies failed to detect such a protective effect of either total dietary fiber [14, 15] or fruit and vegetable [16] . A pooled analysis of fruit and vegetable intake also failed to detect an association with overall colorectal cancer risk [17] , raising doubts about the chemopreventive effect of these foods. The factors responsible for these discrepancies remain unclear but may reflect the fact that case-control studies are often more prone to bias since dietary information is collected after the diagnosis of cancer and patients are more likely to recall perceived unhealthy dietary behaviors [4] . Alternatively, foods supplying fiber also contribute many other nutrients and phytochemicals that possess several anticancer properties, including a variety of polyphenols, carotenoids, terpenes and sulfur-containing molecules such as thioethers and glucosinolates [18] . The absence of protection observed in cohort studies may thus rather reflect the poor intake of foods with the highest amounts of these anticancer phytochemicals. In this respect, it is noteworthy that the largely null findings of prospective studies were primarily obtained from cohorts located in the United States, where the most consumed vegetables (potatoes, iceberg lettuce and canned tomatoes) [19] are essentially devoided of chemopreventive molecules. By contrast, consumption of vegetables with the highest amounts of these molecules, such as cruciferous and green leafy vegetables, is very low in this country [20] . It is also noteworthy that in European countries with a more diversified intake of whole grains and fruits and vegetables, a recent prospective study showed an approximately 40% reduced risk of colorectal cancer among individuals with the highest intake of fiber [21] . Similarly, in this population, high intake of fruit and vegetables was associated with a 25% reduction in colon cancer risk [22] . A number of studies on the effect of certain fruits or vegetables with high content in anticancer phytochemicals, such as citrus fruits [23], cruciferous vegetables [24], dark-green vegetables and onions and garlic [25] suggest that these foods are strongly protective against colorectal adenoma, the precursors of most colorectal carcinomas. The combination of curcumin, the bioactive molecule of the Indian spice turmeric, and quercetin, a major dietary flavonoid, appears to reduce the number and size of ileal and rectal adenomas in patients with FAP [26], further suggesting that foods containing high amounts of anticancer phytochemicals can be endowed with significant chemopreventive properties against CRC. In this respect, it is noteworthy that regular drinking of green tea, an exceptional source of anticancer polyphenols [27] was recently associated with a large reduction (40%) in CRC risk in a cohort of 69,710 Chinese women [28] . Overall, these studies suggest that overall intake of fruits, vegetables, and fiber may not confer a «blanket» protection against colorectal cancer risk, with the possible exception of individuals with extremely low baseline levels of intake of these foods [4] . However, the inclusion of plant-based foods with the highest content in anticancer phytochemicals, such as cruciferous and darkgreen vegetables, onion and garlic, citrus fruits as well as beverage such as green tea or spices such as turmeric is likely to be beneficial in terms of CRC prevention.
B Vitamins
In addition to fiber and anticancer phytochemicals, foods of plant origin also contain a number of vitamins that may also participate to the prevention of colon carcinogenesis. Among these, B vitamins have received considerable attention over the last decades given their essential roles in a variety of processes involved in DNA synthesis, repair, and methylation [29] . Accordingly, studies indicate that higher intake of folate (vitamin B9), found in high amounts in dark-green vegetables, is associated with reduced risk of colorectal cancer or adenoma [30] . This association is only found with dietary folate but not with folate from supplements. In fact, supplementation with folic acid may even be harmful, especially for patients with a previous history of colon cancer, since a recent randomized secondary prevention trial found that these supplements increased the risk of recurrent advanced adenoma or recurrent adenomas [31] . This dual effect of folate on colon carcinogenesis possibly reflects a protective role of physiological levels of the vitamin on normal mucosa while aggressive supplementation may enhance the progression of already present microscopic lesions [31] . In addition to folate, higher intake of vitamin B6 or blood levels of pyridoxal 5′-phosphate (PLP, the active form of vitamin B 6 ) are also associated with a significant decrease in risk of colorectal cancer. For example, a recent metaanalysis of prospective studies has shown that the risk of colorectal cancer decreased by 49% for every 100-pmol/mL increase in blood PLP levels [32] .
Red and Processed Meat Intake There is a large body of evidence from ecological, case-control, and cohort studies that high consumption of red meat (beef, pork, or lamb) increases the risk of colorectal cancer in both men and women [14, [33] [34] [35] [36] . Consumption of processed meats is also associated with such an increase in CRC risk [37] . The heme iron content of red and processed meats has long been suspected to explain this association [38] but more recent evidence suggest that the cooking process is likely to play a crucial role in this increased CRC risk associated with meat consumption. Cooking meat at high temperature by either frying, grilling, or broiling induces the interaction of muscle creatinine with amino acids, resulting in the formation of at least several 17 distinct highly mutagenic and carcinogenic heterocyclic amines [39] . Several studies have found that risk of colon cancer is specifically increased among individuals who consume charred meat or meat that has been prepared at high temperatures at prolonged durations [40, 41] . Overall, these studies indicate that substituting red meat with other sources of proteins (fish, poultry, legumes) could represent a valuable approach to reducing risk of colorectal cancer [4, 14] .
Body Mass, Inflammation and Physical Activity
Obesity and CRC Risk Excess body weight, expressed as a body mass index (BMI) exceeding 25 (BMI is calculated as weight in kilograms [kg] divided by the square of height in meters [kg/m 2 ]) is strongly associated with the risk of developing several types of cancers [42] . In the case of CRC several epidemiological studies have consistently associated excess body weight with an increased risk of colon cancer and adenoma, particularly for men [43, 44] . Compared with those with a BMI <23.0, the increased risk of CRC was 14% for individuals with a BMI of 23.0-24.9; 19% for a BMI of 25.0-27.4; 24% for BMI of 27.5-29.9; and 41% for BMI of ≥30.0 [4, 43] .
The mechanisms linking excess body weight to colorectal neoplasia remain to be understood. Overloaded adipocytes release excessive amounts of triglycerides into the blood, thereby promoting insulin resistance [45] . In addition, adipose tissue is increasingly recognized as an active endocrine organ that releases a wide variety of biologically functional molecules, collectively referred to as adipokines, that also participate to the resistance to insulin signals [46] . This obesity-related insulin resistance and associated hyperinsulinemia may be involved in colon cancer pathogenesis since high levels of insulin (as well as increased levels of insulin-like growth factor-1 triggered by hyperinsulinemia) may enhance cell proliferation and increase the risk of tumorigenesis [47] . In this context, it is noteworthy that abdominal obesity is more closely associated with insulin resistance and metabolic syndrome, especially when combined with other features of the western lifestyle that increase hyperinsulinemia, such as consumption of refined grains, simple sugars and physical inactivity. Accordingly, recent studies indicate that abdominal visceral adipose tissue volume represents a better predictor for risk of colorectal adenomas than body mass index or waist circumference [48] . Since central adiposity is found more often in men (android obesity), its effect on insulin levels may thus explain, at least in part, the stronger association of obesity with colorectal cancer in men compared to women.
Chronic Inflammation There is increasing evidence that increased lipid and adipokine levels associated with obesity triggered the development of chronic inflammation conditions that may participate to the development of cancer [49, 50] . Several epidemiological studies indicate that deregulated expression of inflammatory cytokines during chronic inflammatory conditions foster the development of several types of cancer including colorectal, gastric, bladder, liver, lung, pancreatic and cervical cancers [49] For example, individuals suffering from ulcerative colitis (UC) and Crohn disease of the colon, the major forms of idiopathic inflammatory bowel disease, have a 19-fold increase in risk for colon cancer [51] . The importance of inflammation for the development of CRC is well illustrated by the results of several studies showing that aspirin, NSAIDs and COX-2 selective inhibitors are associated with a lower risk of colorectal cancer and adenoma [4] . The mechanisms involved in this protective effect remain to be fully understood but likely involve the inhibition of COX-2 by these molecules [52] . Although the potential severe cardiovascular and gastrointestinal ulceration and bleeding sideeffects associated with these drugs [53, 54] preclude their use as prophylactic agents, these results nevertheless indicate that the reduction of inflammation represents a promising approach for the prevention of colorectal cancer.
In this context, there is now considerable evidence that Western diets rich in refined starches, sugar, and saturated and trans-fatty acids and poor in fruits, vegetables, fiber, omega-3 fatty acids and whole grains promote inflammation [55] . Inflammatory and immune cells from individuals consuming a typical Western diet contain a high proportion of the pro-inflammatory omega-6 polyunsaturated fatty acid (PUFA) arachidonic acid and low proportions of antiinflammatory omega-3 PUFA eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) [56] . Since arachidonic acid is the precursor of 2-series prostaglandins and 4-series leukotrienes, which are highly-active mediators of inflammation, a high dietary omega-6/omega-3 fatty acid ratio thus results in the generation of a proinflammatory state that may sustain the progression of several pathologies, including CRC [57] . A key aspect of the chemopreventive effects of diets containing higher amounts of foods from plant origin and less meat and refined starches could thus be through a reduction of inflammation. These findings highlight the tight interactions that exist between diet and the colon cancer microenvironment.
Physical Activity The reduction in physical activity associated with industrialization has driven a dramatic increase in the incidence of many chronic diseases, including cardiovascular diseases, hypertension, type 2 diabetes, pulmonary diseases, immune dysfunction, musculoskeletal diseases, neurodegenerative disorders as well as some types of cancers [58] . In this respect, there is consistent evidence that greater levels of physical activity are associated with an approximatively 40% reduction in the risk for colorectal cancer [59, 60] . Even moderate levels of physical activity (eg, brisk walking for 30 min per day) are associated with substantial benefits [4] . Although it was initially proposed that an increase in colonic mobility could be responsible for the preventive effect of physical activity on CRC risk, recent data strongly suggest that this reduction rather involve more systemic effects such as increased insulin sensitivity (and concomitant reduction in insulin levels) [61] as well as reduction of chronic inflammation [62] . In this latter case, elegant studies have shown that exercise is associated with a massive induction of the transcriptional coactivator peroxisome proliferator-activated receptor γ coactivator 1α (PGC-1α) and that this event controls muscle plasticity and suppresses a broad inflammatory response [62] .
Alcohol and Smoking
Alcohol Consumption A large number of prospective cohort and case-control studies have suggested an association between alcohol intake and colon adenoma and both colon and rectal cancer risk [4, 63, 64] . These studies show that consumption of ≥30 g per day of alcohol is associated with a multivariate risk of colorectal cancer of 1.24 compared to low intake. Whether this increased risk is due to the effect of alcohol on folate levels, defective DNA methylation, impairment of the immune system or in the metabolism of carcinogens by the cytochrome P450 enzymes remain to be established. However, there is little doubt that minimizing alcohol intake should be promoted as a means of preventing colorectal cancer, especially among individuals with high levels of intake [4] .
Cigarette Smoking Although smoking-associated cancers occur predominantly in organs that are directly in contact with cigarette smoke (e.g. lung, pharynx, oesophagus), carcinogens from tobacco can also reach the colorectal mucosa through the circulatory system and thereby cause genetic damages that ultimately lead to cancer development. Accordingly, tobacco use has been consistently associated with an increased risk of colorectal adenoma, well-established precursor lesions for CRC [65] . Studies performed to date indicate that a long induction period is required, a significant increased risk for CRC being observed only with long-term cigarette smoking (over three to four decades) [66] . For both incidence and mortality, the association was stronger for cancer of the rectum than of the colon [67] .
Potential for Primary Prevention of Colorectal Cancer
Taken together, these studies clearly indicate that substantial reduction in CRC incidence could be achieved through modest modification of the western diet and lifestyle factors. For dietary factors, replacing the high intake of red and processed meats, high-fat dairy products, highly refined grains and starches, and sugars with poultry, fish, and plant foods as the primary sources of protein; monounsaturated, and polyunsaturated fats as the primary sources of fat and unrefined grains, legumes, and fruits as the primary sources of carbohydrates is likely to lower risk of colorectal cancer [4] . For lifestyle factors, in addition to avoiding smoking and excessive alcohol drinking, control of body weight and regular physical activity represent two essential aspects of CRC prevention, especially in individuals that have a familial predisposition to this cancer. In approximatively 30% of sporadic CRC cases, clustering of the disease in families suggest an autosomal dominant inheritance of susceptibility to colorectal neoplasia [68, 69] . However, inheritance determines individual susceptibility to colonic neoplasm while dietary and lifestyle factors determine which susceptible individuals will develop cancer [70] . In other words, the combination of a familial predisposition and an unhealthy lifestyle considerably increases risk of CRC.
The preventive potential of these modest changes in dietary and lifestyle factors is enormous; it was estimated that as much as 70% of colon cancers in the US population could be prevented with their application [71] . Moreover, because several diet and lifestyle factors that are known to increase risk for colorectal cancer also foster the development of other chronic diseases, changes to these factors would lead to significant reductions in their incidence and thus have significant benefits on the overall health status of the population.
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